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ABSTRACT 

Ue report high resolution Infrared and radio continuum observations 
of the W51 region. The bright Infrared source W51-IRS2 has at 
least three components with different physical and evolutionary prop- 
erties. The spatial distribution and the near Infrared spectra of the 
components In IRS2 are remarkably similar to, but more luminous than 
those found In Orion, where an HII region of comparable linear size Is 
also located close to a cluster of compact Infrared sources (the BN-KL 
complex). The characte*^ ) sties of the nearby W51 -NORTH H 2 O maser source, 
and the detection of 2 pm H 2 quadrupole emission In IRS2 Indicate that 
the mass loss phenomena found in Orlon-KL also exist In W51. 

In contrast to W51 -NORTH, there Is no compact 20 ym source associated 
with W51-MAIN, the second strong H 2 O maser In this region. This result 
may be explicable in temjs of differences in the gas and dust distribution 
around the sources. 

The spatial distribution of 20 ym continuum radiation from the 
neighboring infrared source W51-IRS1 follows closely that of the radio 
continuum emission, and may be interpreted as arising from dust heated 
by Ly-a within the extended HII region. 


Subject Headings: Infrared Sources 

Infrared: Spectra - Masers 

Nebulae: Individua'' - Radio 

Sources: General 

Stars: Formation 
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I. INTRODUCTION 

W51 Is a well'Studled complex of radio continuum sources and giant 
molecular clouds at a distance of 7 Icpc (e.g. Bleging 1975). The two 
strong radio H II regions W51-d and W51-e (Martin 1972; Scott 1978) are 
also bright sources In the 5-500 pm wavelength range (W51-IRS2 and W51- 
IRSl: Wynn-Wllllams, Becklln and Neugebauer 1974; Harvey, Hoffmann snd 
Campbell 1975; Thronson and Harper 1979; Erickson and Tokunaga 1980; 
Hackwell, Grasdalen and Gehrz, 1981). Each of these sources Is associated 
with an Intense 22 GHz H 2 O maser (W51 -NORTH and W51-MAIN: Genzel and 

Downes 1977), the kinematics and the distances of which have been recently 
determined by the measurement of the proper motions of the brightest 
maser features (Genzel e^t aj^. 1981a; Schneps et aj[. 1981). In this 
paper, we report new high resolution radio continue, and Infrared 
observations and discuss the spatial and energetic relationships among 
the Infrared, radio continuum and maser sources. 

II. OBSERVATIONS AND DATA REDUCTION 
a) Infrared Observations 

The Infrared continuum observations were made at Mauna Kea, Hawaii, 

In May and July 1980 with a gallium-doped germanium bolometer mounted on 
the 3-m Infrared Telescope Facility (IRTF). We mapped the region 
containing W51-IRS1 and W51-IRS2 at 20 pm with a beam of 6" (FWHP) and 
a chopper throw of 2' In an East-West direction (Figure 1). In 
addition, the central region around IRS2 was mapped at high resolution 
(2") at 8 and 20 pm and a North-South chopper throw of 15" (Figure 2). 
Finally, we mapped the region around the strong H 2 O source W51-MAIN 
(dotted rectangle In Figure 1) at 20 pm with a 2" aperture and 15" 
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North-South throw. In the 6" resolution maps* the grid spacing was 4", 
and In the 2" resolution maps, the grid spacing was 1". We checked the 
pointing every 5 to 15 minutes by peaking up on IRS2. The tracking 
stability of the telescope was significantly better than 1" over that 
time span; the source positions are therefore accurate to about 0.5" 
relative to the peak of IRS2. Angular offsets between observations 
using different filters were calibrated on 3 Peg, allowing us to 
determine relative positions at different wavelengths to an accuracy of 
better than 0.5". We determined the absolute position of the peak of 
IRS2 at 20 pm with a 2" aperture by offsetting from several nearby SAO 
stars and from two stars very close to the source whose positions were 
determined from Palomar Sky Survey plates. The resulting absolute 
position for IRS2 (Table 1) Is accurate to + 1". The 1 sigma noise 
level at 20 pm (ax = 9 pm) was equivalent to about 1 Jy per beam area 
for the maps at 2" resolution and about 2 Jy per beam ?.rea for the 6" 
maps. At 7.9 pm (ax = 0.7 pm) the noise was about 0.5 Jy per beam area. 
We also made photometric measurements at two positions In IRS2, with a 
2" beam, at wavelengths between 2.2 and 20 pm; the filters were the 
same as those used by Downes e;t (1981) with the addition of a 10.3 pm 
filter with width 1.2 pm. The photometry was calibrated relative to 3 
Peg and 4 Lac and Is accurate to about 15%. 

b) Radio Continuum Observations 
The radio continuum observations at 5 and 15 GHz were made In 
December 1979 with the Very Large Array (VLA). We observed W51 over 7 
hours, during which 10 minute observations on-source at 2 cm and 6 cm 
were Interspersed with short calibrations on the sources 2005 + 403 and 
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2134 * 004. The absolute positions of these calibrators are known to 
better than ± 0.2"; we assumed flux densities at 5 and 15 GHz of 4 and 
4 Jy for 2005 ♦ 403 and 10.5 and 7 Jy for 2134 ♦ 004. The flux density 

scale Is accurate to + 20% at 5 cm and ± 30% at 2 cm and the derived 

absolute positions are accurate to ^ 0.2". The maps were made with the 

standard VLA reduction programs at the National Radio Astronon\y Ob- 

* 

servatory 


A 

The National Radio Astronoiny Observatory Is operated by the Associated 
Universities, Inc., under contract with the National Science Foundation. 


in Charlottesville, Virginia, and were CLEANED (Hogbom 1974) to Improve 
the dynamic range. In a second step, we used the CLEAN components of 
the Initial map In a self-calibration routine developed by Schwab (1980) 
to adjust optimally the amplitudes and phases. This method Is especially 
useful at 15 GHz, where the telescope pointing Is critical and phase 
variations due to atmospheric fluctuations are large. 

III. iiesults 
a) W51-IRS1 

Figure 1 (left) shows the distribution of 20 urn emission In W51 
at a resolution of 6". The brightness distribution of 20 ym continuum 
radiation from IRSl is extended, complex, and clearly separated from the 
compact source IRS2. The 5 GHz map by Scott (1978) made with the 
Cambridge 5 km telescope has similar resolution to our infrared map, and 
Is superimposed on the 20 ym contours In Figure 1 (right). The agreement 
between the morphologies of the 5 GHz free-free continuum emission and 





" 6 " 


the 20 um radiation Is excellent: the radio free-free and Infrared 

distributions agree In the shape of the extended emission and In the 
positions and sizes of major components or ridges. However, as shown by 
Wynn-Wllllams et al_. , (1974), the Infrared emission at 20 pm Is nearly 
two orders of magnitude larger than that expected from free- free emission 
and probably comes from hot dust. 

The agreement between the maps provides support for the view that 
most of the dust which radiates at 20 pm lies within the HI I region and 
Is heated by absorption of Lyman-a photons liberated by the recombinations 
In the Ionized gas, as suggested by several authors (e.g., Wright 1973; 
Wynn-Wllliams and Becklin 1974). As pointed out by Harwit et aj_. 

(1972) the equilibrium temperature of dust grains heated in this way is 
only a very weak function of the local electron density in an HI I region; 
If this variation is ignored then the ratio of infrared to radio volume 
emissivity will be uniform throughout the ionized region, and the close 
correspondence between the 6 cm and 20 pm maps is readily explained. If 
direct starlight from a star or stars close to the centroid of the HII 
region were the dominant energy source for the dust, the close agreement 
between infrared and radio emission would be largely fortuitous. 

Quantitative support for the conclusion that the dust is heated 
predominantly by Ly-a radiation is obtained from the ratio of the 
surface brightness at 20 pm to that at 5 GHz. In Appendix A we calculcate 
what this ratio should be under the assumption that all of the Lyman-a 
energy absorbed by the grains is emitted at a ‘ingle temperature (see 
also Wynn-Williams ejt aX. 1977). It is found that the ratio 


lies 
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1n the range 25>60 If the dust temperature Is In the range 100-400 K. 
and the electron temperature is lO^K. Loss of Lyman-a radiation by 
two-photon or other processes may reduce this theoretical ratio by up 
to about 30% (Mezgert Smith and Churchwell, 1974). From a comparison of 
the surface brightness of infrared and radio wavelengt^i*? we find that 
the ratio for has the value 75 ♦ 30 over most of the face of 

Hll region, a comparable range to that predicted in the assumption that 
Lyman-a is probably the predominant source of heating of the dust. 

The observed energy distribution of W51-IRS1 more resembles a power 
law with slope -3.5 than a blackbody (Wynn-Uilliams et a],. 1974), implying 
that dust is present with a wide variety of temperatures. The comparison 
of 20 pm with 5 GHz emission may therefore also be made by equating the 
infrared luminosity shortward of some wavelength with the Lyman-a 
heating. Using the formula in Appendix A, the predicted ratio of 

4 

^20pm^^5GHz assumption that T^ * 10 K, 

0 » 3.5, f « 1 and x„,^ * 25 pm. This result implies that all the 

fiidX 

luminosity shortward of 25 pm can be supplied by Ly-a heating, as 
suggested by Wynn-Williams and Becklin (1974). 

The spatial morphology of the radio and Infrared emission indicates 
that W51-IRS1 is an extended HI I region powered by a central cluster of 
early 0 stars. Molecular line data (Fomalont and Weliachew 1973), and 
continuum observations at 400 pm (Becklin, Telesco and Hildebrand 1981) 
suggest that the density of the molecular cloud increases eastward from 
IRS2 towards IRSl. These observations, and the sharp western ridge of 
the radio and infrared emission, may therefore indicate that the HII 
region lies at the edge of this dense molecular cloud; the south-eastern 
extension in the radio and infrared map suggests that the HII region 
may, in fact, partially surround the molecular cloud. 
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b) W5MRS2 

Figure 2 summarizes our Infrared and radio observations of the 
region aroind the com,>act infrared source WS1-IRS2. The bottom and 
middle parts of the Figure are the IRTF maps at 8 and 20 with a 
resolution of 2". The top part of Figure 2 shows the 2 cm VLA contours, 
the positions of the H^O maser spots (Downes et a1. 1979; Schneps et a1. 
1981), and the peaks of the 20 and 8 ;jm maps. In addition, the 20 and 
40% contours of our 6 cm VLA map are shown dashed to emphasize the more 
extended radio emission. 

The most Important conclusion to be drawn from Figure 2 Is that the 
Infrared peaks at 8 and 20 pm do n^ coincide with the centroid of the 
compact radio H II region Wbl-d. However, the infrared maps show an 
elongation to the West which agrees quite well In position and size with 
the 2 cm radio contours. We Identify this elongation of the Infrared 
emission with the compact H II region and conclude that the more Intense 
eastern peak of the Infrared emission represents a second source of 
energy in IRS2. Spectrophotometric observations from 2.2 to 20 pm taken 
at the peak of the 20 pm emission and at position 4*'W, 2.5" N of It 
support this picture (Figure 3) by demonstrating that the two regions have 
different energy distributions; the Infrared source associated with the 
H II region shows a power- law spectrum with Index -3.3 between 2 and 20 pm 
with no silicate feature at 9.7 pm, while the stronger, eastern source 
shows a more rounded blackbody spectrum with a deep silicate feature. 

The 8 and 20 pm sizes of the weste«*n source are comparable, and the 
the ratio of 20 pm to radio brightness (Figure 2) Is 100 + 30. As 
discussed above for IRSl, these observed characteristics are as expected 
for hot dust within a compact H II region. We will henceforth call the 
Infrared source associated with the H II region "IRS2(H II)," and. 
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the more Intense source to the southeast "IRS2(H20}.” 

The stronger, eastern source 1RS2(H20) appears to have at least two 
components of different color temperature, since the position of maximum 
emission changes with wa'^elength. The peak position of the "hot" component, 
which dominates between 2 pm and 8 Is 0.5" W and 0.8" S of the peak at 12.5 
and 20 pm where the "cool" component Is strongest. The 20 pm map also 
Indicates that the cool component Is extended over ^ 3" (3 10^^ cm), 
whereas the 8 pm source may only be slightly resolved In north-south 
direction. The hot component of IKS2(H20) Is very close (1.6" ♦ 1.0") 
to the most Intense center cf H 2 O maser activity, the "Dominant Center" 

(Downes et a1. 1979). If the 8 and 20 pm maps of IRS2 are shifted to an 
optimal agreement with the radio continuum contours, the hot component 
is even closer (0.5" iO.5") to the HgO peak. It Is therefore likely 
that the H 2 O maser source Is associated with the "hot" component of 
I«S2(H20). 


c) W51-MAIN and the Ultra-compact H II regions 
The dotted rectangle In Figure 1 marks the region which contains 
the strong H 2 O maser source W51-MAIN (the northernmost group of black 
dots), as well as two weaker "centers of H 2 O activity," and two ground 
state OH maser sources at 1.7 GHz (Benson and Mutel, 19G0) associated 
with two ultra-compact H II regions Scott (1978, see Table 1). Figure 1 
(right) shows that there Is weak extended emission of £ 15 Jy per 6" 
beam near the compact H II regions but no recognizable peak (see also 
Hackwell, Grasdalen and Gehrz 1981). We mapped the dotted region at 2" 
resolution and found a 3o upper limit to any compact 20 pm source (< 2") 
of 3 Jy. 


- 10 - 


IV. Discussion 
a) W51-IRS2; Another Or ion -KL 
The low angular resolution of Infrared and radio observations of 
distant star formation regions has In general permitted only simple 
geometric and energetic models. On the other hand, tne few 
nearby regions of active star formation, In particular the Orlon-KL 
region, show a wealth of complexity. Our observations of W51-IRS2 
Indicate that the characteristics of the Orlon-KL rp^ion may be found In 
other regions of active star formation. The two sources are remarkably 
similar In the following way: 

1) Morphology 

In Orlon-KL, a "compact" H II region of size 9 10^^ cm(« 8", If 
Orion were at a distance or 7 kpc) Is adjacent (4 10^^ cm ® 4" at 7 kpc) 
to a cluster of 5-20 pm Infrared sources (the BN-KL region; Rieke, Low 
and Kleinmann 1973; Wynn-Vlilllams and Becklln 1974). The BN-KL complex 
dominates the 10-1000 pm appearance of the Orion region, and Is generally 
thought to contain a cluster of young OB stars associated with the Orion 
Molecular Cloud and Independent of the Trapezium stellar cluster which 
powers the radio HIl region (e.g. Zuckerman 1973; Wynn-Wllliams at... 
Becklln 1974). The Infrared spectrum of the BN-KL region has a deep 
silicate absorption feature (Downes £t aQ_. 1981? Aitken et.il. 1981), 
whereas the H 11 region shows a flat spectrum with silicate emission 
(Stein and Gillett, 1969). This separation Into the Trapezium and the 
BN-KL regions is parallel to the separation Into IRS2(H II) and 1RS2(H20) 
In W51. Within the BN-KL region, size and peak position of the 
.nfrared emission change v.1th wavelength: between 1 and 10 v;m, two 
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compact. hot (T^ ~ 350 K) objects (BN and IRc2) dominate, wliereas at 
wavelengths ~ 20 the most luminous source Is the extended, cool 
(T^ 'vlSO K) KL nebula which Is about 12" south of BN (Downes et a1 
1981). The hot and cool components of IRS2(H20) may be the analogous 
features In W51. Finally, again In accord with W51, the strong H^O 
maser source In Orlon-KL Is associated with one of the hot objects, IRc2 
(Downes et aj[. 1981). 

2) Kinematics 

The measurement of proper motions of H^O maser features In 0> lon-KL 
has shown that the maser cloudlets are expanding from a central point 
near lRc2 (Genzel et a1. 1981b). The expansion seen directly by the 
transverse motions of the H^O masers has also been deduced Indirectly 
from the broad llneshapes of several "thermal" molecular lines indicating 
a general outflow of material with high mass loss rates (e.g. Zuckerman, 
Kulper and Rodriquez-Kulper 1976; Scovllle 1980). The radial and 
proper motion data of HgO masers In M51-N0RTH and W51-MAIN also can be 
explained by the Interaction of a strong stellar wind and with a surrounding 
dense molecular cloud (Schneps et aj_. 1981; Genzel ejt aj^. 1981a) and may 
Indicate mass loss phenomena similar to those In Orlon-KL. This Inference 
Is supported by the recent detection of 2 pm quadrupole line emission of 
molecular hydrogen In IRS2 by Beckwith and Zuckerman (1981). The Integrated 
luminosities of typical H^O maser lines (assuming Isotropic emission) In 
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W51 are greater than those In Orion by factors of 20 to However, 
the 2 pm H 2 lines In W51-1RS2 are much less lianlnous than those In Orion 
(Beckwith and Zuckerman 1981). This may Indicate that the physl :a1 
conditions In the outflow are different and/or that the linear size of 
the 2 pm H 2 source In U51 Is smaller than that In Orion and/or that the 

2 pm extinction In the two clouds Is different. The linear size of tlie 
dominant HgO center In W51-N0RTH Is -vZ 10^® cm, whereas the H 2 O outflow 
In Orion has an extent of > 3 10^^ cm. 

3) Luminosity 

The chief difference between the two regions Is that W51-IRS2 Is 
considerably more luminous than Orion, when measurements at the same 
linear resolution are compared. The Infrared bolometric luminosity of 
W51-IRS2 has been measured with 30" (1.2 pc) beam by Erickson and 
Tokunaga (1980) and Thronson and Harper (1979); the luminosity Is about 

3 X 10® Lp. At the distance of Orion 1.2 pc corresponds to a 

5 

beam about 7' across; the luminosity of this region Is of order 5 x 10 

(Harper 1974). The bolometric luminosity of the whole W51-IRS2 
region, Including both the H II region and the molecular cloud sources, 

Is therefore about six times higher than that of a region In Orion which 
encompasses both the molecular cloud sources and the H II region. 

Because of the poor resolution In the Infrared measurements at 
A > 20 pm. It Is not possible to measure Independently the bolometric 
luminosities of IRS2(H II) and IRS2(H20). We can, however, compare the 
flux densities In the 20 pm band; the flux density of the KL region of 
Orion at 20 pm Is about 10^ Jy In a 30 arc sec (0.07 pc) beam (Sutton, 
Becklln and Neugebauer 1974). The same linear resolution In W51 corresponds 
to a 2.1 arc sec beam; our 2 arc sec measurements give a flux of 200 Jy 
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In a beam of this size. The 20 ^ luminosity of U51-IRS2 Is therefore a 
factor of about 4 times higher than that of the KL nebula at a linear 
resolution of 0.07 pc. 

b) W51-MAIN; The Lack of 20ijm Emission 
W51-MAIN Is one of the brightest maser sources In the sky; In the 
luminosity, kinematics and spatial distribution of Its HgO features, It 
strongly resembles W51 -NORTH, the maser source associated with IRS2. 

Despite this similarity, we have not detected it at i'O Extinction 
by a dense molecular cloud in front of W51-MAIN may explain this lack 
of Infrared emission. Evidence for such an obscuring cloud is provided 
by the lack of 20 um emission from the ultra-compact H II regions W51-e^ 
and WBl-e^. If there is dust heated by Lya within these H II regions, 
the radio flux densities of M).15 Jy at 5 GHz (Scott 1978) imply 20 ym 
flux densities of 5 to 15 Jy, using the same arguments as we have for 
IRSl and IRS 2 (H II) (s 2 e Section III.l and Appetidix A), Our 3o upper 
limit of 3 Jy therefore imply that there is probably at least one magnitude 
of extinction at 20 ym. This extinction could be related to the molecular 
cloud whose presence to the east of IRSl can be inferred from the 400 ym 
observations by Becklin, et al_. (1981) and the morphology of IRSl (Section 
Ilia). Finally, molecular line observations show that the optical 
depths of the HgCO and NH^ lines in the 58 km s’^ cloud also peak in the 
vicinity of W51-MAIN and the ultra-compact H II regions (Fomalont and 
Weliachew 1973; Matsakis ^ 1980). If there were an infrared 

source associated with W51-MAIN with a luminosity comparable to IRS2, 
the Inferred extinction would have to be as high as 4.5 mag at 20 ym. 
Similar large extinctions have been estimated for other regions like 
K3-50 Cl, and Sgr 82 (Wym-Williams et §1 1977; Gatley et al. 1978). 


The only significant c'lfference between the HgO sources W51-MA1N 
and W51-N0RTH may be the radial velocity distribution of the maser 
features. Almost all features In W51-MAIN are redshifted with respect 
to the rest velocity of the molecular c;oud (e.g. Genzel et al.. 1979), 
while most of the masers in W51-N0RTH are bluoshifted . It Is possible 
that asymmetries In the distribution of matter around the maser sources 
may explain both the Infrared and maser observations. A cloud of 
density > 10 cm and scale size > 10 cm (like the core of OMCl) 

In front of WSl-f-IAIN would have a large optical depth at 20 ym and 
could also effectively block the escape of blueshifted high velocity 
material (e.g. Genzel et |J_. 1979). 

While the strong H 2 O masers In Orlon-KL and W51-IRS2 are associated 
with hot, compact sources of infrared emission, W51-MAIN and several other 
orlgiit maser sources lack associated strong infrared emission shortward 
of 20 pm (e.g. Forster e^ al_. 1978). All these maser sources, however, 
are similar to the maser in Orion-KL and W51-IRS2 and may indicate mass 
loss phenomena in regions of active >tar formation. We suggest that 
this lack of infrared emission might be caused by extinction from an 
Inhomogeneous distribution of dense material surrounding the source of 
outflow. The amount of infrared emission associated with a maser source 
could be correlated with the radial velocity distribution of the outflow. 

If density inhomogeneities not only block the escape of infrared radiation, 
but also the escape of the outflow itself. Since asymmetries in the 
velocity profiles of maser emission have been noted for quite a number 
of H^O sources with high velocity emission (Heckman and Sullivan 1976; 
Morris 1976; Goss et aj^. 1976; Genzel and Downes 1977; Rodriguez e^ aj^. 
1980), an obvious test of this idea would be an infrared search toward 
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those masers with mainly blue-shlftec^ high velocity features. 

V. CONCLUSIONS 

High resolution Infrared and radio mapping of W51 have shown the 
follow1:,g: 

a) W51-IRS1 has a very similar appearance at 20 \m and 5 GHz; 
this agreement provides quantitative support for the view that most of 
the heating of the dust Is by Lyman-a radiation. 

b) At least three physically dissimilar Infrared sources comprise 
W51-IRS2. In Its size, morphology and kinematics W51-IRS2 resembles the 
Orion nebula and molecular cloud, but Its luminosity Is several times 
larger. 

c) No Infrared emission was detected from H 2 O maser source W51- 
MAIN: In contrast, strong 20 ym emission is associated with the W51- 
NORTH maser. The difference In Infrared pioperties may result from the 
presence of a thick obscuring cloud In front of W51-MAIN. This could 
may also Influence the kinematics of H 2 O outflow Itself. 
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APPENDIX A 

RATIO Oh* INFRARED TO RADIO FLUX DENSITY FOR GRAIN HEATING 

BY Ly-a PHOTONS 

The relationship between rate of production of Ionizing photons, 
\yc* free-free radio flux density Sj^^p has been calculated by 

Rubin (1968). With slight changes of units his relationship Is 


/vf » AmoV V j / vj f '/ 

Wy/Wvl^H V' 



-o.vr 


f 


kotb/^s 




( 1 ) 


where D Is the distance to the H II region, T^ Is Its electron 
temperature and v the radio observing frequency. 

If a fraction f of the Ionizations lead to the production of a 
Ly-a photon that Is absorbed by dust grains (as opposed to, for 
example, a two-photon pair or a Ly-a photon which escapes the nebula) 
then the wavelength- Integrated infrared flux S^p^ at the Earth is given 
by 


c = [py 

4iT (i OSiit lo'") 

-18 

where is the energy of a Lyman-a photon, namely 1.64 x 10 W. 

If the dust grains radiate as a grey-body at a temperature T^ then the 
Infrared flux density at a wavelength X Is given by a a normalized 


form of the Planck law. 
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Combining equations 1-3 leads to an expression for the ratio of the 
infrared to radio flux density at a wavelength X (in pm) at a temperature 
T, CK) 


■ A^V l6”V i J 


An alternative way of comparing infrared and radio luminosities is 
to equate the Lyman-a heating with the luminosity emitted as a power law 
at infrared wavelengths shortward of some wavelength 

Si(, = tons^r- 



(5) 


In this case the ratio of the infrared to radio flux density 
is given by 




■J.Hf 
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figure CAPTIONS 

Figure 1 Infrared and radio rontlnuum emission In W51. 

Left : 20 un map of W51-IRS1 and IRS2 with resolution 
of 6'.' The chopper throw was 120" E-IJ. The contour unit 
Is 1.5 10"^^ W m"^ ster"\ or 1.0 Jy per beam area. 

The dotted rectangle marks the region which contains the 
strong H2O maser source W51-MAIN (northern most group of 
black dots), two weaker HgO "centers of activity" (middle 
and southern group of black dots), cwo OH maser sources 
and two very compact H II regions (Table 1). The group of 
dots near the peak of W51-IRS2 marks the HgO maser source 
W51 -NORTH. 

Right : Contours of the 5 GHz free-free continuum emission 

at a resolution of 2" x 8" (RA x Dec; dashed: Scott 1978) 
superinposi'd on the 20 nn map. The radio contours are at 
450, 720, 1080, 1440, 2520 and 3600 Kelvins brightness 
temperature. Note the two ultra-compact H II region in 
the vicinity of W51-MAIN. 

Figure 2 High resolution infrared and radio observations of W51-IRS2. 

Bottom : 7.9 vi^i niap of IRS2 at a resolution of 2", relative 

to the 20 jjm peak of IRS2. The contour unit is 5 10 W 
-2 -1 -1 

m Hz ster , or 0.4 Jy per beam area. The chopper throw 
was 15" North-South. The main peak is IRS2(H20), 

whereas the north-western elongation is IRS2 (H II). 
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Middle ; 20 pm map of IRS2 at a resolution of 2". The contour 
unit Is 1.9 10" W m" Hz ster’ , or 1.4 Jy per beam area. 

The chopper throw was 15” North-South. 

Top ; 2 cm radio continuum emission (solid contours) and 6 cm 
radio continuum emission (dashed), relative to the nominal 
position of the 20 m peak (bottom and left axes), and In 1950 
coordinates (top and right axes). The 2 cm beam was approximately 
Gaussian with widths (FWHM) 0.4' x 0.7", at a position angle 
SO** East of North. The 2 cm contour units are 14, 20, 30, 40, 

60, 80, 100, 120, 140 and 160 mJy per beam area. The 6 cm 
beams Ize was 1.3" x 2.7", 20° West of North. Only the 20% and 
40% contours of the peak are shown, corresponding to 100 and 
200 mJy per beam area. The dots are the positions of 22 GHz 
H 2 O maser features (Schneps ^ aj^. 1981). The most intense 
center of H 2 O activity is marked "Dominant H^O Center." The absolute 
positional uncertainties are + 0.2" for the radio measurements, 
and + 1" for the infrared (shown by a cross for the 20 pm 
measurements) . 

Figure 3 Infraied energy distributions taken at the position of the 
20 pm peak IRS2(H20) and at 4" West, 2.5" North of the 20 pm 
peax, near the peak of the radio continuum map (IRS2(H II)). 

The resolution is 2" and the flux density scale was calibrated 
on 8 Peg and 4 Lac. 
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